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(57) Abstract: A power converter comprises multiple transformers con- 
nected m series to the secondary winding of a series transformer the pri- 
mary winding of which is connected in series to the power system, nor- 
mally-closed switches connected in series to the primary windings of the 
multiple transformers, normally-open current bypass devices each con- 
nected in parallel to a series circuit composed of the corresponding pri- 
mary wmdmg of the multiple transformers and the switches connected 
to both ends of the primary winding, AC-DC converter units the AC side 
of each of which is connected to the corresponding secondary winding 
of the multiple transformers, and DC circuits each connected to the DC 
side of the corresponding AC-DC converter unit and independent of one 
another. When the current bypass device of the primary winding of a 
specific one of the multiple transformers is closed, the switches on both 
sides of the primary winding are opened, thereby separating the specific 
one of the multiple transformers from the corresponding AC-DC con- 
verter unit Thus, even if a partial failure occurs, the apparatus can be 
operated. 



wo 2005/078889 Al [IH|ljjHlill H HIM If HI IHH j»| | |J If J Hffl M|| fim mil mn MB iHHfl uu bb mi 



SZ, TZ, UG, ZM, ZW), ZL — 7 *,T (AM, AZ, BY, KG 
KZ, MD, RU, TJ, TM), 3 — O y /i (AT, BE, BG, CH, 
CY, CZ, DE, DK, EE, ES, FI, FR, GB, GR, HU, IE, IT, LU, 
MC, ML, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, 
CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG). 

- m®m&m&9 



WO 2005/078889 



PCT/JP2004/001461 



m m m 

msmiz, mztexmnmms, 6 4 6, 5 ii^ii:s**ifc 
©wtix it^j*jES2 0 o<D-Kmn2 0 1 ^^nt^s, mm 

&EEm 2 0 0 ©z*ii 2 0 2 C, &mmj±m4 10-440 (4 IS 
£*©»^&*% f)©-&#|* 4 11-441 SEaifc&tfSLT 1^*0 
^S^ffi§§4 10- 4 4 0©-&#«4 1 2~4 4 2 t, SI^g||§ 
a -'^ 5 10-54 0 ©3^^(BiJ^^tL^tl^i^L N 4&6D£il^g| 
§§o.- y F 5 1 0 - 5 4 0 ©iiM{B«^±tii©e^|l|S§5 1 1 Cjg^L 

h5 10-540©-5*> l^TfcfiKISiLfc^iir, jg?ij 



WO 2005/078889 



PCT/JP2004/001461 



2 

®s&5 i i ©fi»t«EE &^fcg>Cs -r^xcD^m^^m^- 

10 %W<DW±7j< 



WO 2005/078889 



PCT/JP2004/001461 



3 

m 2 Htt&ftoj&jR 2 ©«**tt»©*j«*55%riHittia-c» a« 

m 3 Sltt-«:fl«J5&#ffi5Sils6tj|S©«fi8$^-riHlKSlT & So 

nm<Dj&m 1 . 



WO 2005/078889 



PCT/JP2004/001461 



4 

^T(bJ^^1-§o ilBC*^T, ^^©«^ffl'J 1 £ # tt ® « fli {|U 
*b<tt^^fiHd2©BBt:, ifi#J^ffi§§2 0 0©-&#iH2 0 1#iS^J 

i£?!I^JE££2 0 0 ©~^#^ 2 0 2 fc N ^fi^ffi 
^4 1 0 - 4 4 0 ( 4©^ jj*?-) ©-^#^4 11-44 

1 ^iJlJfcgiLTMSo ^S&JBES4 1 0 - 4 4 0©-&#^4 1 

2 - 4 4 2 £ N y h5 1 0 <- 5 4 0 ©SSKftlfc^ftje 

£&3LVtcmm®& 5 1 1-54 1 S o 

£3BW©«;<7&lfe«fcj: s 5SiS^m^^^ y h510-540 CDf@^ 

©jfi^mss 5 i 1-54 i zs^izmag m<o^m^m^^^ y 
h <Dmm.\B\m t&mwtzvte^mmt ut^s. #i^e§|4 i o - 
4 4 o 4 11-44 i ©pjJHfc:* ti^timmmcD mmm 

(jdEK#. t&rfi&st. xfc*¥*<*H6B$) 311-341*^312 
-342*jfi^ij{ciBg m*<D&mmjzm4 1 0 -4 4 -0 

<D-&m& 4 11-441 t?<Dffiffi(DMm& 311-341 43^^ 

312-342 t<Dmmi^izmmizmmm(Dmm.^-c (mm 
m®m. 310-340^ mm (mm) u 

Sfc, g*«m§§2 0 0 ®-&4§^2 0 1 ®P6INIz«ti«nnR|« 

mm) u mm&j±^ 2 0 0 201^2 1 0 

1,102 ttDmmittzm&uznm/u /i*m& (mmm, m®m, 
xiz^mitmrn^) 1 0 3 zmw. mm) ut 



WO 2005/078889 



PCT/JP2004/001461 



5 

ks* iffts, xtt^««nn#) 3oo^isiu x*mmmK9& 
^^^*»e>^ifi^jgif|j.-^ h 5 1 0 ~ 5 4 0 -p&m^fc^ 4 1 0 — 

4 4 0 ** fc»T««-T*£ LT^fc. 

Ttt, il/W 3 1 0 - 3 4 0 i«*«fc» x ^«§^#|3 0 0 

nn<DMi& 1 £$i&jEE# 200 © - 202 

fcfifctt, (ELM) £«IU Y fc^Mi#HOT**lffl 

5 o S fc, ^ltE^4 1 0 -4 4 0 4 12-4 

4 2 <Z> (=fc) Y ^ftSflU &«^ttJP41i|g 

ttS (Dft®tt£, tzm^Wkmo-- ry h 5 1 0-5 4 0g#&JL-y M: 
$St*L£«$St£ifi}gffilJ|S||-C £ »K -T S y h 5 

lO-5 4O#tti*t«lE0^jf*i:ttij(sittjii 4 
#!6^©«j2t£f!ajglft fcfBlfcn? # £ifi^j&S§jL - y h 5 1 0 

- 5 4 0 <D&±imK.(DH7 h )l%l&&m£EEm4 1 0 -4 4 0 %m<fr 

Ltia*j*flES2 0 0 2 0 1 fc«jE*«±** x *<d 

mXMfci injection voltage) I *L*Wi2 <D m iz , $> 3 {4 ffi f x 

m^^^^cD^iS^mtl^^ y h 5 1 0 - 5 4 0 fcfc, Sffi^ 
£ & ZM&ftZzi >y\* — ^ (Voltage Sourced Converter) ££gffll,T^ 



WO 2005/078889 



PCT/JP2004/001461 



6 

So ZcomttMMOtztb^ #*©£ifi£&|§J2. - y h tang tMBEZft 

nmvfcn i mas^w i o 3 

ttOFFtflU mm^l 0U10 2ttON*«k m®m&3 0 Ott 
OFF«®tfeO> 3 1 0-340 &OFF#; 

$L mm&3 11-341 *5<fct>* 312-34 2 li0NtlTS5 o 
ftg[*ii»a.= y h 5 1 0 tftttt-efttt* &flp*| UTl^ ft 
z<om, H;WyUM3 1 0«ffltf,n, Meg 

ESS 5 1 1 J±ffe©£ jt£&s§jL - >y h ©a^HISS 5 2 1-54 1 tm 

^ii^^^a.- „ h 5 i o - 5 4 o ±te£i,TmM$ntzm 

*£*ugai£EES 2 0 0 ©-^#^2 0 1 t § c i: As^fe ^ 

nx v> § o zomm&mm u-tt, ^n^j&tu. - ^510-54 

&jg£&§§.rL - y UT^T* N LTiiM^-r^ 

S^^^^Og^tfc^$^il^m§|jz - y Y(DWL (N) tists 

m&s lSfrm-s (n) ©jcs^AD^fe, (N + n) <d 5am&m§&n. 



WO 2005/078889 



PCT/JP2004/001461 



7 

y h i t $ t ii mti&mm<Dfefe 1 o o 

*«*tt«F^C«iS*|ft»ir: y h 5 1 0 - 5 4 0 i;^S|^t 
»E#x 2flEifiaE|j|*J.n v h 5 1 0-5 4 OO^^m^J; D^K^S 

T % Z. £ (Z X *) , iZm&WkM^-- ^5 10-54 OCi^ii^i 

iz&z&cdz'&Zo g^j^ffH2oo <D-&mi&izm\T s ms. v s 
tmmvmxmm is om^mti^mmcD^t^m-r a & b&.&m 

*£E»tSSlS*j*»a.= y P © 1 fiJ£ Vc t^il Ic © 

^ (Vcxlc) X, m^^^flO^IS (Vsxls) *|»J¥-r*l«, f^gfcN 
ifi 3< #> 5, ft £ o ¥#B3©mffi0J£te«SK)&»e>:fc»fc®»N lo^t 

ho^it^ ic2 tzmtttrnmrnvm*. 
mm. is2 ititt, ^tt^^tiJ. - y h^a^a^©^^©^ 

iSIA^^J: fD^^r b-^^ (derating) Itffi5«t5tt« 
S^o £ CD C £ fcfc, ^ltE^f4 10^ 4 4 0 4 11- 

4 4 1 ©«£E£Ttf TSftD-r^i: tlZte%(DX, iKJIthLT. #«f£ 

£ifi£&§§3.^y h fcJf t&fS z tx. «;b #§©^fi £ it 

nmvmm nzx^xi*. i^tE^2 o ox-, aim. 
»©«jee*»ee ufc»^, mm,mmmmx-^mu 2 0 2©«^*^ 



WO 2005/078889 



PCT/JP2004/001461 



8 

< 202 <Dm*mm.#*mftmm& 

300 (««e^w 310-34 o ^mm^ (mm 

S) 311-341, 312-342 ©£tefi^ * ig^ f 3 ig^r, tfi 
3 0 0 ^»»fS3 1 0 - 3 4 0 *|f»S3 1 1-3 4 K 312-3 

nM<DBf& 2 . 

nn<DBM 1 T?ti\ £it^l&§§J- - -H 5 1 0 - 5 4 0 Sl^fo 
«J b&#, ^20K^tJ:K, 

5 5 0 - 5 8 0 $2^fo^l^ES4 5 0 t 4 6 0 4 5 

2 £ 4 6 2 fc|it5, ^£&S2£GDjfi^[l]E&5 5 

1 £5 5 2 & ±t ii JC & o T ^ & # , S'J©^:PCDit^[p]8&5 6 1 £5 6 

£iS£&^^y h©&f&#2 xN^Cl^ mffi,<Dfcm 1 
E#J^fc^ofc-^(D[n|gg£#Mtf;b-C lO^f BSb, 

ss 3 m&-®itfi]*mm&m£mm (mm* amm^^T 

911, 9 1 2 £ 7 >f Ttsj -Jiyj K 9 2 1 , 9 2 2 #3gi^£ 



WO 2005/078889 



PCT/JP2004/001461 



9 

*K &mwm?9 0 2 dt §BiWg?9 13, 914^7^ 
**-**W*-|c 9 2 3 , 9 2 4#»** i h,T^*. 

«2©nfc. dt9J«jES2 OO^ilLt, ^fi^ffi|§4 10-44 
0 y h510~ 5 4 0 ^ifiKif c ^ JB4BBC*r 

«fc "5 fc^#fe©ff$<l 3f(t ^«^£E^4 1 0-44 0£, fig, 

* *^*> RTt&T'&£o «*E/W/t*«« (XVrgK »r^ % 

#0§HJ«) 3 0 0 ^, f-a^EE^ 4 10- 4 4 0 411- 

10- 4 4 0©-***4 11-44 1 ±fc £ £ t X /W /t * r -5 . 
WOWICJ^T, tt*J£jBE«g 2 o o (D-^mu<Dm& 

mm®.mmiz, -&mu2 o 2 g < & t> t- g« 



WO 2005/078889 



PCT/JP2004/001461 



10 

i&*EE'vfe&nto<D*.z\,Mtm{*WNi& 3 o o x t) N -extern 
m<D>}\$^*m<*mm&3 o o ©»fts#«»-c**»^ % ibexes 

nmomm 4 . 

(IJ 2 ©P^fc, iS5U^JE« 2 0 0 ftIBBLT> ^i^EI§4 5 0 -46 
0 ££it^g|^:x - v h550~580 ttmtfL LtztK % 5 H £ ^ T 
J;^dtIl©^H4tli, ^i^E^ 4 5 0 ~ 4 6 0 ^, ifig N 

SUtfiJcfc RTtBT*a. «aE'W^t**|# HfrfiS^, Xtt*'# 

<fcHf ifl§§) 3 0 0 ^fi^JEE3# 4 5 0 - 4 6 0 (D-frmm. 4 51- 

4 6 1 £{£izmmizmm£ tix& !? > mmmtkmm^, ^m^zm4 

5 0 - 4 6 0©-&#iBi4 5 1 - 4 6 1 ft * i: »T /W't * T S . 

»iO*i2l:*^t, a«\ iS9>jftfiES 2 0 0 6D-&#*£cDfijE 

^ £te*«E©*Sv^£fl:BIHiS&3 0 0 ft «ft T 3 d & £ „ 
(£*ffiT^«««E©;*$ i^^ffcgggjsg 3 0 0 d; t? . ^m£ET-^1&* 
*<Z>/Jt$fr^#ttBIRI8 3 0 0 ©SHf #S^T'&£i#i§r s it^J^ff^ 
2 0 0ft#BSbT, **©^»4©J:^«c«lrtft»ffl-r*Ci:36«-es 



WO 2005/078889 



PCT/JP2004/001461 



11 

-5) o 

mmcDi&m 5 . 

nrnvrnm 1 &m&j±^4 1 0 ~ 4 4 0 (D — ^mu 4 1 1 ~ 

44UiiiP^ 311-34U 3 1 2 - 3 4 2, 

*5<tt>*m^t/w 3 1 0 - 3 4 0 $, ^s^ees 1 &miz 1 -t 
^ Ffoi^ifetf, m 6 EiT-^-r j: ? izmm^mm 5 -et±\ 

EE«8 0 1 #^#J&«££ftfc««©gjBES8 1 0 £ 8 2 0 T"#l^£*l 
T^3o HHfiJz, ^fi^JE3§ 8 0 2 3&«iS3?iJie«8#tLfca»©*fiES 8 
3 0 8 4 OtW^tltl^o ^^CD^jE^8 lOJ:82O0-« 

g$ 8 i 1 1 8 2 i <Dm&}{£<DW3%izmwizmmm<Dmmm 3 1 u 

3 2 2 SiilTU £ o |5|«l 1£g&<E>^jE#f 8 3 0 ^ 8 4 0 ©-»: 
83U841 ©ft^J^OMSggfeliS^I CttHB<Z>HH38 3 3 1 h 

342 ^liui^o ^i&©^flE^8 i o t 8 2 o £m^<Dmm^ 

3 1 1 £ 3 2 2 hOjfi^rj^tcM^JtC 1 ^Ot^C^^W ^*$S^ 
3 1 0 $gilt^§, |^£g C N ^^©^^^ 8 30£:840£i!« 
©UlllflSg 3 3 1 £ 3 4 2 £©ifi?!j£MzM#H;: 1 & (Dig mB (DM J 
^zmm 3 3 0 ^gilt^ & o £ £ £ N &&EE^ 8 1 0 - 8 4 0 ® 
8 12, 822, 832, 8 4 21:14, j e*l^*l£ig^J& 
So. - y h 5 1 0 ~ 5 4 0 *sgi$nt^Soi6 J: o t> 

Clftfcfc, #«^JEl§i:£i££g|g§ y h CDJCg £ St & 5 d £ tz & 



WO 2005/078889 



PCT/JP2004/001461 



12 

mmomm 6 . 

V- (Capacitor) td T* & < N ffe © x * ;i/ ^ M £ f 3 d 

7 ^(C^-r^JfBOB^i 6li,DVR (Dynamic Voltage Restorer) , 
UPFC (Unified Power Flow Controller) £ b T ft! ft 3 Ji^T 
3 o &it^j&i# J. - y h 5 1 0~540Ott^|IIgS5 1 1-5 4 1 * 
^LTS"J©Sit^^^ 5 1 3-5 4 3fta4UT«fiL, 
5 1 3 - 5 4 3 ip^EH 6 10-640, MHfrSi 6 1 1-641. 

^ee^7 o o, mmm7 o 1 ^^Lxm^izmmizmm-r^zticj: 
*) . mil l x * ;i/ ^ —m & n & z. t # t- ^ s 0 



WO 2005/078889 



PCT/JP2004/001461 



13 

If 3c <D $3 H 

i. -&%&&mmfcm&]izmm$ti2> mm zcomn^z 
Wim^-v h <Dzti?ti<Dmmmtzmmz ns^iz&& ufctt^mss 

±&&m£EE&<D&-&m&£*<Dmffi<Dmm&t<Dmmi*izm.&]iz 



WO 2005/078889 



PCT/JP2004/001461 



14 

m^mm^.-y hit, &m&x-&*), ±i3^#«^ff#icD-^^^© 



WO 2005/078889 



PCT/JP2004/001461 



2/7 



101 

-EES— 



103 



201 



102 



1 



300 Jj 
202 



> < 



350. 



200 



550 



351-v.A 



352 9 




450 



1 



452 570 



360 



451 



551 



552 



361-v* 



560 

C 561 
460 r _J_ 



362 



1 



:61 



462 580 

X 



562 



313 



901 



911 921 913 923 

i 4 $ 4 



930 



902 



912 



TV 



922 



914 



924 



WO 2005/078889 



PCT/JP2004/001461 




WO 2005/078889 



PCT/JP2004/001461 




WO 2005/078889 



PCT/JP2004/001461 



5/7 

160 




WO 2005/078889 PCT/JP2004/001461 



6/7 

B7m 




WO 2005/078889 



PCT/JP2004/001461 



7/7 
B8 ffl 




INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP2004/001461 



A CLASSIFICATION OF SUBJECT MATTER 
Int. CI 7 H02J3/12, H02M7/08 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
Int. CI 7 H02J3/12, H02M7/08 



T^!?" "S? t F ^ an min,mum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Srunan Kbho 1922-1996 Toroku Jitsuyo Shinan Koho 1994-2004 

Kokai Jitsuyo Shinan Koho 1971-2004 Jitsuyo Shinan Toroku Koho 1996-2004 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 5646511 A (Mitsubishi Denki Kabushiki 
Kaisha), 

08 July, 1997 (08.07.97), 
Full text 

& JP 08-322154 A & EP 0746077 A2 

JP 11-299105 A (Mitsubishi Electric Corp.), 
29 October, 1999 (29.10.99), 
Full text 

& EP 0951126 Al & US 6075349 A 

JP 10-028319 A (Tohoku Electric Power Co., 
Inc.), 

27 January, 1998 (27.01.98), 
Full text 
(Family: none) 



1-6 



□D Further documents are listed in the continuation of Box C. □ See patent family annex. 



1-6 



1-6 



Special categories of cited documents: 

document defining the general state of the art which is not considered 
to be of particular relevance 

earlier application or patent but published on or after the international 
filing date 

document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or other means 
r document published prior to the international filing date but later than 
the priority date claimed 



"IT 



later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 
document member of the same patent family 



Date of the actual completion of the international search 
09 March, 2004 (09.03.04) 



Date of mailing of the international search report 
23 March, 2004 (23.03.04) 



Name and mailing address of the ISA/ 

Japanese Patent Office 



. Facsimile 

Form PCT/1SA/2I0 (second sheet) (January 2004) 



Authorized officer 



Telephone No. 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/JP2004/001461 



I C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



JP 09-168232 A (Mitsubishi Electric Corp.), 

24 June, 1997 (24.06.97), 
Full text 

(Family; none) 

JP 05-130750 A (Nisshin Denki Kabushiki Kaisha) , 

25 May, 1993 (25.05.93), 
Full text 

(Family: none) 



Relevant to claim No. 



1-6 



1-6 



Form PCT/ISA/2 1 0 (continuation of second sheet) (January 2004) 



PCT/JP2004/001461 



a. &m<Dm-tz# m<D ft m (HRwfF^HR (ipc) ) 

Int. CI 7 H02J 3/12, HO 2M 7/0 8 



Int. CI' H0 2j"3/12, H0 2M 7/0 8 



ttmmmmmum 1922-1996* 

B*H^BB^«f|g^* 1 971-2004* 

B*BSft£J&9r£2tfR 1994-200 4* 

B^ggggggggg 1996-2004* 



US 5646511 A 

(Mitshbishi Denki Kabushiki Kaisha) 
1997. 07. 08, ±JC 
&JP 08-322154 A 
&E P 0746077 A2 

JP 11-299105 A (Zg«^#tt) 
1999. 10. 29, ±X 
&EP 0951126 Al 
&US 6075349 A 



sS#:<s>ffiia<£>#-§- 



1-6 



1-6 



TTj BBRfflJKBXtt«3feB«K:4«t$*vfc3tl»-eaboT 



09. 03. 2004 



B*H#fffr ( I SA/J P) 
100-8915 

HT@ 4#3-§- 



«PCT/ISA/2 10 (12^) (2004*1/!) 



23. 3. 2004 


03-3581-1101 t 


5T 


3 0 5 3 


9^ 3 5 6 8 



PCT/JP2004/001461 



C . 



jp 10-028319 a iMitntim^m 

1 9 9 8. 0 1. 2 7, (77^^L) 

JP 09-168232 A (ElSl^^tt) 
1 9 9 7. 0 6. 2 4, 

jp 05-130750 a (nmnm&teim 

1 9 9 3. 0 5. 2 5, ±X (7 7 ^^l) 



1-6 
1-6 
1-6 



MPCT/ISA/2 10 (*2^-i?©|R#) (2 004fU) 



